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Some people have facial deformities or disfigurement. There are many solutions for facial 
deformities like plastic surgery and facial prosthetics. Fabrication of a facial prosthetics using 
traditional manufacturing method is high cost, time consuming, and need of expertise. This study 
aimed to investigate a new method to develop a customized facial prosthetic. A 3D scanner, 
computer software and 3D printer were used in this study to investigate a new manufacturing 
method to develop the facial prosthetics. Results showed that the new developed method can be 
used to produce a customized facial prosthetics. The advantages of the developed method over 
the conventional process to fabricate facial prosthetic are low cost, reduce waste of material and 
pollution in order to meet the green concept.  
 






Nowadays, face is important appearance for everyone. It is common that some people have facial 
deformities or disfigurement. These facial deformities or disfigurements are caused by serious 
accident like burns, diseases like cancer, drug side effect or congenital facial deformities. This 
facial deformities make those people cannot life as a normal person because of their face. Their 
abnormal appearances make them unable to mix with the normal people or even in society. The 
facial deformities can be cured through plastics surgery by replacing tissues from own skin and 
another method is replacing an artificial facial prosthetics. Facial prosthetics is an artificial device 
that use to alter the outward appearance of a person’s face or head (Tewari, 2012).  
 
Problem statement 
Current method to develop the facial prosthetics is complicated. According to Medical Art 
Resources, Inc (2015), every facial prosthetic is customized for patient and it requires three to 
five appointments. The fabrication process is complicated. First, a mold is made using gentle 
material according the affected area. The shape of the prosthetic is carefully sculpted to ensure a 
high quality of natural contour and fit the deformity. Moreover, more than five colours are 
formulated to match the patient skin-tones. After the sculpture complete, a durable mold will be 
created to produce the prosthetic. Every skin detail is painted into the mold to ensure it is precise 
and fit to the face. With this complicated fabrication process, specialists are needed to this 
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complicated fabrication. According to Andrew Wheeler (2014), typical facial prostheses can cost 
around $10,000 to $15,000 and it takes time to finish. Furthermore, the duration for facial 
prosthetic fabrication is about one month (Medical Art Resources, Inc 2015).  
 
In the other hand, there was an alternative for facial prosthetics fabrication which is using 3D 
printing technology. 3D printing technology has proven that it can be capable of manufacturing 
wonderful and affordable prosthetics (Alec, 2015). A 74 years old cancer survivor that suffered 
by skin cancer. Doctor removed his nose, cheekbones, upper jaw and most of his palate after a 
surgery. So, his face was left with no bones under his eye and it was a huge gaping hole in his 
face. It makes him difficult to drink, eat and even breathe. A reconstructive scientist was used 3D 
camera combine with 3D printing technology to create prosthetics mask for him. Six hours to 
scan his son and blend the image and his image in order to create a new face mask. Now he can 
look like he did before (Owen, 2015). 
 
According to Oliver Wainwright (2013), Fripp Design was the fast and low-cost manufacturer of 
facial prostheses with their own developed system. With their own developed system, they can 
manufacture a facial prosthetics at around £150 (RM 1000). However, according to Fripp (2013), 
the main obstacle their met was the excessively high cost of 3D-scanning technology.   
 
Research Aim & Objectives 
The main aim of this research is to investigate a new method to fabricate a customized facial 
prosthetics using 3D printer and 3D scanner. Thus, the objectives of the research are; 
I. To scan the subject 
II. To select the affected area and design the facial prosthetics. 




This section involved subject preparation, tools preparation and scanning process. This section 
discussed about the method to acquire the digital data from a face. In the end of the section, result 
and discussion are showed. 
 
Subject Preparation 
At this stage, due to the regulation requirement, this research cannot use real human face for 
scanning. Instead, a human face pattern (Figure 1) with some damage on it was used as a subject. 
 
Figure 1. Human face pattern 
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Scanning process is the important stage to acquire the digital data from subject’s face. This 
research used Cubify Sense 3D scanner with 3D system Sense software to scan the subject. In 
order to scan perfectly, the lighting in the room should be enough. If not the scanning result will 
not satisfied. The distance between the scanner and the object is around one feet. The object 
should not be moved when scanning. One thing need to avoid at the moment of scanning is hand 
shaking because it will affect the result of scanning and lost tracking. With this scanning 
technique, the result of the scanning process will be satisfied and perfect. Result of the scanning 
is shown in Figure 2. 
 
 
Figure 2. Scanning result of face model 
 
 
FACIAL PROSTHETICS MODEL DEVELOPMENT 
 
In this section, methods to develop the facial prosthetic model are discussed.  
 
Software Preparation 
In this project, software that is used to construct the facial prosthetics is “Geomagic Sculpt” 
developed by 3D System. The reason to use Geomagic Sculpt to develop the facial prosthetics is 
because it was fast and has accurate virtual sculpting software platform. The software enabled 
people to create free-flowing organic designs for products, sculptures, artwork that simply cannot 
be achieved in other computer aided design (CAD) software. This software is specially design for 
creating and modifying the 3D model that used for 3D printing. 
 
Development of Facial Prosthetics Model 
In this section, the steps of facial prosthetics development were showed in details. The first step 
in this process is to import the previous 3D scanning process result. The scanning model was 
import to the Geomagic Sculpt for modifying using option. After import the scanning model, the 
damaged face was shown in the Geomagic Sculpt. Then, curve line was created around the 
defomity by selecting the draw curve tool. The next step was splitting those curves. This step was 
a preparation for the next step which was creating subD. After the curve network to subD option 
is applied, the subD surface to cover the deformity is shown in the red colour (refer Figure 3). 
After the adjustment, the subD surface need to be changed to become mesh. After the creation of 
subD surface clay form with 10 mm thickness and then apply on the damaged face. The results of 
the development of facial prosthetics was perfectly smooth (refer Figure 4). 
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Figure 3. The facial prosthetics model development 
 
 
Figure 4. 3D facial prosthetic model 
 
Result 
Result shows the new method can be used to develop facial prosthetics. The part was fully cover 
the damaged face and fit the deformity (refer Figure 5).  
 
 
3D PRINTING OF FACIAL PROSTHETICS 
 
This section discussed the process of 3D printing for the facial prosthetics model.  
 
3D Printer Preparation 
3D printer is the most important tool in this project because it is used to fabricate the developed 
facial prosthetics into a real part. In this project, the 3D printer that used to print out the 
developed facial prosthetics is Flashforge Creator Pro Dual Head 3D Printer from company 
Flashforge. Material for the facial prosthetic is polylactid acid (PLA). 
 
Figure 5. 3D facial prosthetic model fit perfectly into the damaged area 
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3D Printing Process of Facial Prosthetics 
The result from the previous 3D facial prosthetics model was export in STL format into the 
MakerWare. MakerWare can be used to set the 3D printer according to the user preference, e.g. 
to control the temperature of the extruder, monitor the part, adding rafting and support to make 
sure the part are printed in perfect condition. After setting in MakerBot software, the file settings 
was exported and saved in X3G format that can only be read by the 3D printer. 
 
For the 3D printer, after the selection of the printed file, then the facial prosthetics started to print. 
It took about 20 minutes to finish the printing process. The results showed the facial prosthetics 
was same as the design. The result also showed the rafting and support that are setting in 
MakerBot software. Further enhancement was needed to eliminate the rafting and support and 









This project successfully identified a new method to develop the facial prosthetics using low cost 
3D scanner and low cost 3D printer. The objective of this project which is to develop the facial 
prosthetics using 3D printer and 3D scanner was achieved successfully. Through this project, it 
brings benefit to manufacturers and doctor in term of the development of facial prosthetics for 
medical purposes. 
 
The first advantage of the method is low production cost. With the low cost 3D scanner combined 
with low cost 3D printer, the facial prosthetics cost was reduced compared to the conventional 
method.  
 
The second advantage was time saving. For a professional user, they maybe just consume one 
day for the development of the facial prosthetics with the method in this project. For the 
conventional method, it take time to finish the facial prosthetics because the process was 
complicated. Mostly the facial prosthetics fabrication is about one month. 
 
The third advantage from this project was the method was fully customization. There were 
different deformities or disfigurement in different people. So, the facial prosthetics have to fit 
perfectly according to patients. 
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The forth advantage of this method was a green process. With the use of 3D printing technology, 
there was a zero fuel emission. It reduce the air pollution. The raw material that used in this 
project was PLA stand for polylactid acid. It is a thermoplastics and made from corn starch, 
sugarcane and so on. So, the facial prosthetics was environment friendly and it can be recycled.  
The disadvantage of the method is the level of expertise to design the facial prosthetic model. 
Geomagic Sculpt was quite difficult for beginner. It needed some knowledge on the function of 





This project has successfully identified a new low cost method to fabricate a customized facial 
prosthetics. The method has been explained and elaborated in the paper. For future research, 
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